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Abstract 
Raised field agriculture is a typical human-modified landscape of most shallow lakes and coastal saline-
alkali areas in north China. Local farmers have constructed more than 9400 ha of raised fields for 
agricultural production in Baiyangdian Lake, the largest lake in the North China Plain. Most of the raised 
areas are 2- 4 m higher than the water level and 30-50 m wide. The canals surrounding these platforms 
are 2-10 m wide. The objective of this research was to obtain experimental information on a number of 
processes that affect the agricultural production of the raised fields system, such as the cultivation of 
Phragmites australis. Since aquatic plants mature in spring and summer, the field experiments were 
conducted in May, 2011. The ecological environment and economic benefits were analysed and it was 
concluded that raised fields have a positive impact on the control of water quality.  
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1. Introduction  
It is becoming increasingly clear that raised filed agriculture is an important theme in the study of 
eco-environmental conservation [1-3]. Ecologists refer to these landscapes as semi-natural and consider 
them a form of built environment. Most are truly engineered and managed, with landscape capital and the 
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accumulated infrastructure of fields, canals, roads and other land improvements, the methods of which 
have been passed down from generation to generation. This technique of soil and water management is a 
very old practice dating back to the Tsin Dynasty of China, 221-206 BC [4]. Raised fields serve as a 
buffer and filter ecotone between terrestrial and lake ecosystems by reducing shore erosion and trapping 
nutrients from the different diffusive sources within the adjacent watershed, especially from the arable 
land [5]. Many studies have demonstrated the strong purification effect of raised fields [6-8]. As water 
flow through the special ecotones, the nutrient contents decline sharply [1]. Because of their special 
interface and ecological functions, raised fields make surface water and groundwater control highly 
efficient [9]. The purification mechanisms of raised fields can be classified into two categories: physical 
mechanisms and biological mechanisms. Contaminants are removed through a variety of processes, such 
as soil adsorption, microbial degradation and plant absorption, each process playing a different role in the 
purifying process [2, 10].  
Macrophyte plants provide important information about raised field agriculture and its ecosystem. 
Nutrient uptake by plants is a crucial process for converting inorganic nitrogen and phosphorus into 
organic compounds [11]. Appropriate land use in these fields is required to maintain agriculture 
production and increase the income of farmers [12, 13]. Raised fields increase the depth and fertility of 
the cultivated soil, provide drainage and conservation of water, improve crop microclimates and produce 
and recycle nutrients available for crop plants [14, 15]. In many cases, the drainage effect is the primary 
reason for the construction of raised fields. 
In this general context, the objective of this research was to assess the purification effect of reed-
dominated raised fields at Duancun in Baiyangdian Lake. Specifically the hydrochemical processes of the 
ditches and soil solution were investigated. 
2. Materials and methods  
2.1 Site description  
Baiyangdian Lake has a total area of 366 km2; being 39.5 km long (E-W) and 28.5 km wide (S-N) 
and is located in the middle of the North China Plain (115°38′-116°07′N, 38°43′-39°02′E) (Figure 1). The 
major water source supplying this Lake comes from the upstream of the Daqinghe watershed. At an 
elevation of 5.5-6.5 m  the lake is generally high in the west and low in the east with a capacity of 10.7 
billion m3. Its annual temperature range is between 7.3-12.8℃, and the annual rainfall is 524.9 mm. 
Emergent plants such as Phragmites. australis, Typha angustifolia, Nelumbo nucifera, T. angustifolia, 
and N. nucifera and submerged plants such as Ceratophyllum demersum, Myriophyllum spicatum, and 
Potamogeton pectinatus are the dominant aquatic macrophytes in the lake. The local reed species P. 
australis var. Baiyangdiansis has particular importance since it mainly grows in the raised field system 
and tis growing season lasts about 8-9 months, from March to November. The lake is dominated by 
macrophytes and is in the danger of degradation by terrestrialization. 
The lake has approximately 9400 ha of raised fields and more than 3700 ditches dividing the whole 
body of water into 140 small shallow lakes. The raised fields cover around 22% of the total lake area, and 
have been established by digging ditches and constructing elevated platforms. The platforms are higher 
than the lake surface and are surrounded by ditches where the water level can be controlled or left to 
fluctuate hydrologically. The height from the ditch bottom to the platform surface ranges from 2-4 m 
while the widths of the platforms vary, according to site topography and landforms. They generally lie in 
the range of 30 - 50 m while the lengths vary from 100 - 300 m and the average ditch width is between 2-
10 m. 
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Fig. 1 The location of Baiyangdian Lake and the sampling site Duancun 
2.2 Sample collection and analysis 
In May 2011, field measurements were made to investigate the purification function of the reed-
dominated platforms and ditches of Baiyangdian Lake. A well-managed reed field at Duancun was 
selected for this study. The platform was 35.0 meters across, and the ditch 300.0 meters long. The top and 
bottom widths of the ditch were 8.0 m and 4.0 m respectively. The water depth of the ditch ranged from 
117-166 cm. Fifteen sample transects were selected at intervals of 5.0 m to 50.0m while the fringe area 
contained a denser concentration of sample transects.  
All the ditch-water samples were collected from the middle of the ditch about 10 cm below the 
surface, at -30, -20, -10, -5, 0, 5, 10, 20, 30, 50, 100, 150, 200, 250, 300 m away from the edge (Fig.2). 
The subsurface water in the reed fields were sampled from vertical holes dug by an iron pipe (Φ = 5 cm). 
Once subsurface water seepage had occurred the holes were extended another 20 cm in depth for water 
sampling.   
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Fig.2 The distribution of spots for water sampling 
3. Results  
3.1 Water quality 
Figure 3 shows the nutrient concentrations from the different sampling sites of the ditch water; from 
-30 m to 300 m away from the fringe of the raised field. The total nitrogen (TN) concentration changed 
from 0.51 mg/L at -30 m to 0.26 mg/L at 300 m. The nitrogen present as ammonium (NH4+--N) varied 
from 0.08 - 0.12 mg/L, which represented 18.0% - 44.8% of the TN, while the fraction of nitrogen as 
nitrate (NO3—N) varied between 0.12 - 0.33 mg/L, corresponding to 45.2% - 66.2% of the TN. The total 
phosphate (TP) concentrations in the ditch water ranged from 0.027 mg/L to 0.016 mg/L. The overall 
trend of the nutrients was a decrease in concentration the further sampling sites were from the fringe of 
the raised field. In addition a marked drop off in the concentrations of all nutrients was observed at the 30 
m point with the majority of nutrients being located in the  -30 m to 30 m section. 
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Fig. 3 The concentrations of major nutrients in the ditch water 
In Figure 4The sampling sites at  -30, -20, -10, -5, 0 m represented the ditch water near the platforms, 
while the other sites were located in the subsurface of the raised field. The nutrient content of the 
subsurface water were significantly lower than those of the ditch water. The raised fields acted as 
purification units and the concentrations of TN, NH4+-N, NO3--N, TP decreased dramatically within the 
first 5m landward of the ditch water. At other sampling sites within the platform, all the nutrient were 
present at a much lower concentration. The mean TN concentration of the subsurface water was 0.21 
mg/L which was 41.4% of the value recorded for ditch water. Relative to the ditch water, the proportion 
of NH4+-N was higher about 16.0% and NO3--N lower about 33.9%, with the mean concentration values 
being 0.08 mg/L and 0.07mg/L, respectively. The TP was also decreased from 0.027 mg/L to 0.013 mg/L, 
with all of the concentration in the ditch water being lower than 0.02 mg/L.  
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Fig. 4 The concentrations of major nutrients in the subsurface water of  the platforms 
3.2 Plant uptake 
The process of uptake of ammonium and nitrate by the macrophyte plants converts inorganic 
nutrient forms into organic compounds. The uptake and storage rate of nutrient by plants depend on the 
nutrient content of their issues. The desirable features of a plant used for nutrient assimilation and storage 
include fast growth, high tissue nutrient content, and the ability to obtain a high-standing crop. 
The changes in the number, height, dry biomass, nitrogen content (dry matter), and phosphorus 
content (dry matter) of P. australis at different distances away from the fringe of raised fields are shown 
in Table 1. There are remarkable differences in the plants at 0 m compared to other locations. The number 
of reeds was highest, the height the lowest, and the dry biomass, N content and P content all the highest. 
This suggests that the fringe of the raise fields was the most active area, which effectively controls water 
quality by reducing the concentration of major nutrients from polluting levels.. Reflecting this it was 
interesting to note that the plants at the 0 m sampling point had the greatest biomass and also had the 
highest transfer of nutrients to their tissues.  
Table 1 Changes in the number, height, biomass, nitrogen content (dry matter), and phosphorus content (dry matter) of reed plants in 
raised field 
Distance away from the fringe of raised field(m) Number Height(m) Dry biomass(kg) N(g/kg) P(g/kg) 
0 140±5 2.1±0.1 0.92±0.3 35.4±1.5 4.2±0.2 
5 66±4 3.6±0.3 0.78±0.2 32.1±2.7 3.8±0.2 
10 58±2 3.5±0.4 0.81±0.5 33.7±2.3 4.0±0.5 
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20 62±3 3.8±0.3 0.77±0.4 28.9±1.6 3.5±0.3 
30 55±1 4.0±0.2 0.75±0.5 27.1±1.5 3.8±0.2 
50 57±4 3.9±0.2 0.72±0.4 30.3±1.5 4.0±0.4 
100 53±3 4.0±0.4 0.80±0.3 28.5±1.3 3.2±0.3 
150 61±2 3.8±0.1 0.71±0.6 27.6±1.8 2.9±0.1 
200 53±4 4.1±0.3 0.78±0.2 25.4±1.7 3.4±0.1 
250 60±2 3.5±0.2 0.75±0.4 28.4±0.5 3.7±0.2 
300 65±1 3.4±0.2 0.77±0.3 29.0±1.4 3.5±0.2 
4. Discussion 
The results of this investigation regarding the purification effect of reed-dominated raised fields 
show that water/inland ecotones provide a strong chemical buffer function and have a high nutrient 
removal efficiency, which has also been observed in previous studies [7]. The results showed that both 
the ditches and the platforms can purify water effectively via the interface effect of the raised fields. The 
nutrient removal efficiency increased with distance, becoming stronger the further away from the 
boundary layer. The average removal efficiency of the ditches and platforms throughout the test zone 
were 41.7% TN, 31.7% TP and 58.6% TN, 53.9% TP, respectively (Figure 3, 4). In some of the badly 
polluted areas, the retention of TN and TP by the soil of a reed community at a distance of 4 m was as 
high as 64% and 92% respectively[7]. 
The purification effect of the ditches mainly occurred within the first 30 m and in the platforms 
within the area 5 m landward of the boundary. Other research has shown that the change of 
hydrochemical type and the greatest nutrient reduction occurred within 0.5 m of the fringe area. For 
example Naiman showed that the nutrient and sediment retention efficiencies are positively related to the 
percentage of the landscape that is composed of land/inland water ecotones [3]. Similarly the research 
presented in this paper showed the ability of wetland ecotones to purify water depends primarily on the 
structure of ecotones. 
The overall nutrient removal efficiency of the raised fields is highly beneficial and shows it is 
important to control the purification efficiency along the raised field to ensure that nutrient removal 
processes are optimized in wetlands. The construction of raised fields is largely determined by land 
availability, land value and targeted pollutant removal. This study confirms that this ecotone is suitable 
for water purification in wetlands. However, long term monitoring and maintenance are crucial to ensure 
the performance of the raised fields. 
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